ABSTRACT Objectives: To evaluate the quantitative effects of the drug price reduction on pharmaceutical expenditures and the new guidelines to restrict prescribing on drug utilisation for antihypertensive drugs.
INTRODUCTION
The increasing pharmaceutical expenditures are the one of the biggest healthcare issues in Korea. The average annual pharmaceutical expenditure per capita kept increasing from 2000 to 2011. The increasing rate was 9.8% from 2000 to 2009, and 5.4% from 2009 to 2011. These rates were higher than for most of the Organisation for Economic Co-operation and Development (OECD) countries. 1 As a result, expenditure on pharmaceuticals in Korea was 21.3% of total healthcare expenditure in 2011 versus an average rate of 16.4% among OECD countries'.
Recently, the Korean government introduced several pharmaceutical policies to limit the increases in pharmaceutical expenditures as well as seeking to improve the quality of care. 2 This included policies around the pricing system and guidelines for the management of patients with hypertension. One policy is that the Korean government reformed the drug pricing system and reduced the prices of existing drugs by Strengths and limitations of this study ▪ In this study, it is possible to compare the effects of two drug policies for expenditures, the drug price reduction and the new guideline, which is prescribing restrictions, with national representative data. ▪ The reduction of expenditures by the drug price reduction was greater than the new guidelines at the policy initiation. ▪ The new guidelines had less side effects such as increasing daily drug utilisation and number of drugs than the drug price reduction, which is a direct price control. ▪ The 9-month overall effect of the new guidelines reduced expenditures and some drug utilisation variables more effectively than did the drug price reduction. ▪ This study identified only for drug utilisation and pharmaceutical expenditures. The health outcomes were not evaluated in this study.
rules of the reformed drug pricing system in April 2012. The other relates to the guidelines which are the prescribing restrictions for antihypertensive drugs in January 2013. 3 The previous system priced each drug according to its order of registration. For example when pricing generic drugs after patent expirations, the later a generic drug was registered, the lower was its price (see online supplementary file 1). 4 The Korean government introduced a new pricing system to improve the previous pricing system. Its goals are as follows: to reduce pharmaceutical expenditures, increase accessibility of drugs, decrease the burden of health insurance premiums, block companies' rebate activities 5 and improve competitiveness among Korean pharmaceutical companies. 6 This reform was applied to 13 184 listed drugs on the positive list. Prices for 6504 drugs were reduced, which led to a 14.2% reduction in the price of listed drugs (figure 1). 7 8 Hypertension is the most prevalent chronic disease in Korea, with 29% of individuals aged over 30 years affected in 2012. 9 One previous research reported that the primary physician's blood pressure control was poor in Korea. 10 The Korean government introduced guidelines for antihypertensive drugs. It was developed to restrict prescribing and was focused on prescription and reimbursement to control drugs overutilisation and improper prescriptions. The Korean government examined research papers and other guidelines to define the proper prescription of 1112 antihypertensive drugs (box 1). 8 There are penalties for physicians who do not follow the guidelines. The Korean national health insurer does not reimburse the excess over the guidelines. This penalty lowers the healthcare provider's evaluation scores which decide monetary incentives.
If physicians do not follow the guidelines, they have to pay a penalty and the government does not pay the excess portion.
The drug price reduction and the new guidelines are different; the drug price reduction is a kind of direct price control policy and the new guidelines is a prescribing restriction policy on utilisation. The objectives of this study are to evaluate the quantitative effects of the drug price reduction and the new guidelines on the drug price reduction and pharmaceutical expenditures.
Backgrounds in Korea
The Korean National Health Insurance system achieved universal coverage for the population in 1989. 11 There are two types of insurance: health insurance and Medical aid. Medical aid is a type of health insurance for low-income people, like Medicaid in the USA. 12 There are 1.61 million Medical aid beneficiaries, equivalent to 3.2% of the population of Korea in 2011. 9 Type 1 Medical Aid beneficiaries can use free inpatient services, and outpatient services with a $1-$3 copayment. Type 2 Medical aid beneficiaries must make a copayment of 10% of inpatient medical costs, 15% of medical costs for hospital-based outpatient services, approximately $2 for clinic-based outpatient services and approximately $1 for drug costs. Health insurance beneficiaries copay 30% of drug costs.
The most of payments made under the Korean reimbursement system is the regulated fee-for-service payment. A diagnosis-related group payment method is used for seven diseases. 13 To manage payments for drugs, Korea implemented the positive list system. 2 
METHODS

Data and study population
This study used the National Patient Sample (NPS) data for hypertension from Health Insurance Review and Assessment Service reimbursement data. In this data, prescription data for antihypertensive drugs were included. The study period was from March 2011 to December 2013. The sample included 57 150 participants, which were 1% of the randomly sampled, anonymised hypertensive patients from national hypertensive patients. Only patients with primary hypertension were included. A total of 54 295 participants were included in this study. Data from January and February 2011 were excluded because of missing drug utilisation data. In this analysis, the guidelines began in February 2013, as there was a 1-month lagged effect after implementation of the new guidelines.
Dependent variables
Dependent variables were classified into two categories: drug utilisation and pharmaceutical expenditures. For drug utilisation, daily drug utilisation, average number of drugs per month, percentage of original drugs per prescription, drug overutilisation and prohibited combinations were included in the analysis. Daily drug utilisation represented how many participants took antihypertensive drugs per day. Daily dosage was adjusted by DDD. DDD indicates daily dose, which is defined by the WHO.
14 A (daily drug utilisation=1) indicated that the daily dosage was equal to DDD. If daily drug utilisation was over one, participants took overdoses of their drugs more than the DDD. The percentage of original drugs per prescription was calculated as (the number of original antihypertensive drugs/the number of all antihypertensive drugs)×100. The drug overutilisation and prohibited combination variables were binary. The number of drug overutilisations indicates how physicians violated the guidelines by prescribing more than two agents per ingredient. It is restricted by the new guideline; for example, two β-blockers cannot be prescribed at at one outpatient visit. The number of prohibited combinations indicates how physicians violated the prohibited combinations clause in the guideline, such as diuretic+α blocker (box 1). Antihypertensive drug costs per month and antihypertensive drug cost per prescribing day were included. An exchange rate of 1000 KRW is around US $1.
Independent variables
Age, sex, region, insurance type, Charlson comorbidity index (CCI) and combinations of antihypertensive agents were included as covariates. Age was classified into four groups: under 49, 50-59, 60-69, over 70 years. Region of medical facilities which a patient visited was categorised into Seoul, metropolitan and rural. There were two insurance types: health insurance and medical aid. CCI was calculated yearly based on Quan's methods. 15 Nineteen diseases were classified into scores of 1, 2, 3 and 6. 16 The CCI per subject was calculated from the sum of all scores. In this study, CCI was grouped as scores of 0, 1, 2 and over 3. Combinations of antihypertensive agents represented the number of kinds of antihypertensive drugs that participants took monthly. Combinations of antihypertensive agents are used to adjust the severity of the hypertension, for instance, in cases of resistant hypertension. 17 These were classified as 0, 1, 2 and over 3. A subgroup analysis for insurance type was conducted because Medical aid beneficiaries usually overuse healthcare services in Korea. 18 
Statistical methods
Segmented regression analysis of interrupted time series design was used to assess policy effects with the methods in Wagner et al 19 and Sen et al 20 Our segmented regression analysis equation was in Equation 1: The administration of compounds is considered to be the same as administering drugs that are components of the compounds. Target patients: Hypertension patients without comorbidity, as follows. ▸ Cardiovascular diseases: angina pectoris, myocardial infarction, left ventricular hypertrophy, heart failure, ischaemic heart diseases ▸ Cerebrovascular diseases, chronic kidney diseases (including proteinuria), diabetes, peripheral blood vessel diseases.
was a 1-month lagged effect of the new guideline. As there is the possibility of seasonal variation in blood pressure, seasonality was included in the equation. 21 For this segmented regression analysis, each subject's data were aggregated monthly. The unit of analysis is a 'person-month'. Generalised estimation equation (GEE) was conducted using proc genmod in SAS 9.3 with link identity, distribution normal and AR (1). For binary variables, such as drug overutilisation and prohibited combinations, a probit model was used in GEE. The coefficient estimates of drug overutilisation and prohibited combinations were calculated in the probit model, as they were needed to transform to marginal effects at the sample means of variables for interpretation. They were calculated with the margins command in Stata V.13. For example, they can be interpreted as increasing probability by amount of β 5 per unit increase. Table 1 shows the general participant characteristics in this study. A total of 54 295 participants were included and the highest proportion was in the over 70 years age group at 15 428. There were 24 842 (45.8%) men and 29 453 (54.3%) women. Most of the participants had health insurance (93.8%). More than half lived in rural areas (53.6%). Combinations of hypertensive agents were scored as 0, 1, 2 and over 3, with 14 000 (6.2%), 14 571 (26.8%), 10 628 (19.6%) and 15 096 (27.8%) participants.
Calculating marginal effects of policies
As the interpretation of segmented regression analysis is difficult because there are many variables related to time, marginal effects on dependent variables were calculated to display exact effects of policies. β 2 and β 3 were related to the drug price reduction policy. Marginal effects of only the drug price reduction in December 2012 compared to March 2012 can be calculated as (β
RESULTS
The monthly trends of dependent variables are displayed in figures 2-4. We did not show the trends for all study populations because they are similar to the trends of the health insurance population which made up most of this study population (93.8%).
Daily drug utilisation and number of drugs showed a decreasing trend after the guidelines. They were not affected by the drug price reduction. Number of drugs, number of drug overutilisations, and number of prohibited combinations showed decreasing trends after the new guidelines were implemented. The overall utilisation of originators did not change after the introduction of the new policies'(figures 2, and 3). The trend of daily drug utilisation increased significantly after the drug price reduction, and decreased after the guidelines were implemented. The average number of drugs per month showed an increasing trend after the drug price reduction, but it decreased after the new guidelines. Only the baseline time variable was significant for per cent of original drugs (table 2) . Table 3 shows the results of the segmented regression analysis for expenditures. For expenditures, the effects of the drug price reduction at the time when the policy was implemented were bigger than those of the new guidelines. However, the effects of the new guidelines were bigger than those of the drug price reduction for the trends after the policy was implemented.
The probabilities of drug overutilisation and prohibited combination showed a significant upward trend after the drug price reduction, but they showed a downward trend after the new guidelines (table 4) .
Marginal effects for the dependent variables are presented in table 5. Antihypertensive drug costs decreased by 4.2217 (26%) USD in December 2013 as a result of both policies. The effects of the guidelines decreased expenditures, daily drug utilisation and average number of drugs per month more than did the drug price reduction. 
DISCUSSION
In this study, we identified the policy effects of the drug price reduction and guidelines, which prescribe restriction, on the utilisation and expenditures of antihypertensive drugs. We used the segmented regression analysis to classify the effects of policies. Segmented regression analysis of interrupted time series analysis is a useful method to evaluate policy evaluation. 19 It can compare the time series pattern before the intervention with the pattern after the intervention. As systematic changes can occur over time, this analysis is frequently used to measure the degree of change in the use of medical care. 19 20 22-25 Most studies using segmented analysis were analysed with time-aggregated data without considering the personal level. Sen et al's 20 study used segmented regression analysis with data aggregated into "person-months." This study was conducted based on Sen et al's method, and thus it was able to overcome the limitation mentioned by most studies regarding an unadjusted case-mix. This study employed the GEE model. Model selection between GEE or the mixed model is a matter of debate. 26 The strength of GEE is that it is a very flexible approach to analyse correlated data from the same participants over time. 27 28 The limitation of the mixed model is the assumption of residual normality. 26 29 Thus, the study results were interpreted based on GEE.
For daily drug utilisation results, the baseline time of the effect on daily drug utilisation showed a decreasing trend. This may have been the effect of recommending low doses and multiple antihypertensive combinations. 30 31 However, daily drug utilisation increased after the guidelines were implemented. There were no dosage clauses in the guideline; only clauses for blood pressure conditions and drug combinations are included. This may have led to an increase in the quantity of drugs used per day. However, it changed to a downward trend after the guideline. At the start of policy implementation, the reduction of expenditures owing to drug price reductions was greater than the impact of the new guidelines. However, over a 9-month period, the new guidelines reduced expenditures and some drug utilization variables more effectively than did the drug price reduction in the segmented regression analysis. This may be because healthcare providers may substitute the drugs whose prices were not reduced and increase utilisation after introduction of the drug price reduction. Thus, the 7 Open Access effectiveness of the guidelines improved over time due to the reduction of drug utilisation. Drug price reduction is a direct price control policy, and the new guidelines may be described as a prescribing restriction. A direct price control policy is typically effective to decrease expenditures. 32 However, some empirical studies reported that it was difficult to control costs, [33] [34] [35] because companies have sought ways to increase sales volumes of drugs that have not been affected by the drug price reduction. On the other hand, drug price control policies linked to extensive demand-side initiatives, including education, financial incentives and switching polices, can reduce expenditures even though volumes increase. 36 Therefore, there is a need to identify policy effects of drug price control policy on utilisation of drugs which have been not affected by policy.
The unintended impact of this study was that the drug price reduction increased the average number of drugs per month and drug overutilisation and prohibited combination. However, the unintended impacts of the guidelines were unclear. The unintended impacts of restriction policies on the prescription of drugs were not clearly identified, except that they potentially reduced access to certain drugs, including patented drugs within a class when generics were available. [37] [38] [39] [40] [41] The guidelines changed physicians' behaviour such that the new guidelines resulted in desirable trends, because the guidelines covered all antihypertensive drugs.
Drug overutilisation and prohibited combinations increased after the drug price reduction and decreased after the new guidelines. They are related to the effects of the number of types of antihypertensive drugs per month. In the report of the Ministry of Health and Welfare in Korea, 42 the lower the price reduction rate, the more was the increase in drug utilisation. The utilisation of drugs, which was not affected by the drug price reduction, increased by 12.3%. Most of the combinations for the treatment of hypertension were not affected by the policy. The trend of recommending multiple antihypertensive combinations and the policy effect caused increasing drug overutilisation and prohibited combinations. 31 Price regulation and other policies including reference pricing for the molecule, generic substitution in pharmacies and encouraging INN prescribing can reduce the prescribing and dispensing of originators. [43] [44] [45] [46] Multiple demand-side policy measures to enhance the prescription of generics in a class versus patented products have also reduced costs while volumes have increased. 37 39 47 48 Korean drug policy does not use a reference pricing system, and Korean physicians can prescribe only by a specific brand name, not by a non-proprietary name. This is different from the practice in a number of European countries.
The effects of the new guidelines on drug utilisation were higher among Medical aid beneficiaries than among health insurance participants. In figure 3 , Medical aid beneficiaries had higher daily drug utilisation than health insurance beneficiaries, but this became similar after the guidelines were introduced. Therefore, the effect on drug utilisation for Medical aid beneficiaries was larger because they used more antihypertensive drugs than recommended by the new guideline. The copayment decreased because of the drug price reduction, and a previous study reported that Medical aid beneficiaries used more drugs than health insurance beneficiaries. 49 Therefore, the effect on health inequality was low.
This study has several limitations. The follow-up periods were short from the date when the guidelines were implemented. Patients with secondary hypertension were excluded from this study. Thus, these results do not represent all patients with hypertension in Korea. As the unit of analysis was aggregated monthly per person, hospital characteristics were not captured in the analysis. There may remain hospital effects in drug utilisation variables. There was no control in this study. The effects of the guidelines may be combined by the drug price reduction. Since we conducted the segmented regression by period, the results were still similar. The health outcomes were not evaluated in this study. Further study should identify the effects on health outcomes.
CONCLUSION
The policies saved money. The guidelines, which were issued as a prescribing restriction, were more effective and resulted in fewer unintended impacts than drug price reduction, which was a direct price control policy.
The drug price reduction had strong effects at the implementation of the new policy, but the effects of restrictions on the prescription of drugs became more evident over time. Policymakers should consider the unintended impacts, such as increasing daily drug utilisation and the number of drugs and the comprehensive effects when introducing new policies.
